The carboxylation of ribulose biphosphate by the enzyme ribulosebisphosphate carboxylase/oxygenase is the mechanism for CO2 fixation and primary production in nearly all ecosystems on this planet. Although certain algal isolates and higher plants contain conserved nucleotide sequences in the large subunit of the gene (rbcL) for this enzyme, such genes from natural microbial assemblages have not been heretofore examined. Using oligonucleotide primers designed for conserved regions of the rbcL gene of a Synechococcus sp. (Anacystis nidulans), we have amplified rbcL from DNA preparations from planktonic samples from a Florida reservoir and from algal isolates by the polymerase chain reaction. We have also detected rbcL by gene amplification in the extracellular DNA fraction of this reservoir, indicating that phytoplankton can be a source of dissolved DNA. These results suggest that gene amplification can be applied for the detection of conserved genes encoding enzymes involved in important ecological functions in aquatic environments.
Ribulosebisphosphate carboxylase/oxygenase (RuBPC/O; EC 4.1.1.39) has been described as the most abundant protein on earth (5) . The primary reduction of CO2 into organic matter (CO2 fixation) via the Calvin cycle represents a pathway essentially conserved throughout evolution (20) and serves as the mechanism of primary production in nearly all ecosystems. Comprised of a large and small subunit, the enzyme is highly conserved from cyanobacteria to higher plants in both subunit organization (L8S8) and primary structure of the large subunit (ca. 70% homology at the nucleotide level and 78 to 81% homology at the amino acid level [17] ). Appreciable variation in sequence of the large subunit has been reported recently for algae of the Chromophyta (i.e., a Cylindrotheca sp. [8a] and Olithodiscus luteus [15] ).
The functioning of RuBPC/O in natural phytoplankton populations in aquatic environments has been measured by radiolabeled CO2 incorporation and by 02 evolution for several decades (18) . More recently, direct molecular techniques for studying the distribution of this enzyme in natural microbial populations have been described (12) .
The advent of the polymerase chain reaction (PCR) (16) has revolutionized gene detection and sequencing in biological materials that are difficult to obtain or to cultivate in the laboratory. Since most naturally occurring microorganisms in marine and freshwater environments are not culturable (1), PCR will have wide application in the characterization of aquatic microbial communities. Recently, PCR has been used to amplify nifgenes (23) and taxonomically distinct 16S rRNA genes (7) from planktonic marine microbial communities. In the present report, we describe the first detection of the rbcL gene by PCR in natural phytoplankton populations. We also report the finding of the rbcL gene in extracellular DNA, indicating that phytoplankton (in addition to bacterioplankton) are a source of extracellular DNA.
Our initial approach to amplification of phytoplankton Table 1 . Cells were harvested by centrifugation, and total cellular DNA was purified by standard methods (10) . Cesium chloride density gradient ultracentrifugation was performed in the partially purified extracts where noted.
For amplification of rbcL in particulate DNA, approximately 600 ml of surface water was collected from the Medard Reservoir, Valrico, Fla., and filtered onto 47-mm (0.2-,um-pore-size) Nucleopore filters. The filters were stored frozen until processing. DNA was purified essentially by the method of Fuhrman et al. (6) , except that the cell pellet after the initial boiling lysis procedure was reextracted with phenol-chloroform and bead beating in a 2.2-ml microcentrifuge tube. Semipurified DNA extracts were further (3, 4) . This method has been shown not to result in cell lysis (3) . After ethanol precipitation and collection of precipitates by centrifugation, the precipitates were dialyzed against 0.12 M sodium phosphate, pH 7.2, followed by five successive polyvinylpolypyrrolidone treatments (8 Figure 1 depicts the results of amplification of rbcL in purified particulate and dissolved planktonic DNA samples taken from the Medard Reservoir and of extracellular DNA from an algal culture supernatant. All samples were purified by EtBr-CsCI2 treatment, and the dissolved DNA samples were also treated with polyvinylpolypyrrolidone (8) , which removed brown coloration, presumably from contaminating humic substances, which are abundant in freshwater samples. Amplified fragments were seldom visible in agarose gels viewed by UV transillumination but were obvious in Southern blots probed with the rbcL gene probe (Fig. 1) . Adjacent to each lane containing an amplified environmental DNA sample in Fig. 1 is a corresponding reagent blank (all components minus the DNA samples) to ensure that amplification has not been caused by contamination of the sample with the target gene (9) . Similar results were obtained with particulate and dissolved DNA samples from Lake Maggiore, St. Petersburg, Fla. In certain environmental samples, two successive rounds of amplification enhanced gene detection. In these samples, after 25 cycles of amplification, a 10-.lI sample of the first amplification reaction mixture was added to fresh reagents and subjected to an additional 15 or 25 cycles of amplification. Also in Fig. 1 is an unamplified DNA sample from the Medard Reservoir which shows no hybridization to the rbcL probe. Detection of rbcL in Chlorella minutissima culture supernatants by PCR also occurred (Fig. 1) , indicating that eucaryotic microalgae can be a source of dissolved DNA, as suggested by Minear (11) . Our results clearly demonstrate the capability to detect specific genes in naturally occurring dissolved DNA in aquatic environments; this capability has not been previously reported. Previous studies utilizing radiolabeled precursors have demonstrated the in situ production of extracellular DNA by heterotrophic bacterioplankton but not by phytoplankton (13) . It may be that the phytoplanktonic contribution to extracellular DNA is small and that the previous methods used lacked the sensitivity to detect the algal DNA contribution.
These findings indicate the presence of the rbcL gene in both planktonic and dissolved DNA from freshwater environments of sufficient homology to amplify with both sets of primers. Microscopic observation of samples has indicated frequent cyanobacterial blooms in the Medard Reservoir. In particular, what has tentatively been identified as an Anabaeniopsis bloom (14) was found during the sampling that resulted in the data of Fig. 1 . It is not known whether these primers could detect rbcL in chromophyte alga-dominated waters.
The use of PCR to characterize water column microbial populations is in its infancy. The technique has previously been successfully used to track genetically engineered organisms released into sediment microcosms (19) . Recently, PCR has been successfully used to amplify specific 16S rRNA (7) and nif (23) target genes for characterizing planktonic microbial populations. Future investigations will include direct sequencing of amplified rbcL gene portions from microbial populations, which are in most cases impossible to cultivate for such studies. Such studies will yield information on the genetic diversity of rbcL in natural populations of photoautotrophs in planktonic environments. 
